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FOREWORD

This is Interim Prcgresc Report No. 6 of & research
progrem on fuel cell electrodes conducted by the Central Research
Division of American Cyensmid Campany under contract with the U, S.
Armw Mobility Equipment Research and Develomment Center.

The principal objective or the program is to obtain
0.75 volt at current dengities of 100 amperes per square foot, in

matrix cells operasting #ith phosphoric ecid electrolyte at 100-150°C

\and utilizing hydrogen containing 3-5 mole % carbon monoxide.

During the present report period, manpower levels were
incressed. The expanded effort placed greater emphésis on anode
catalyst evaluaticu, and included develorment and evaluation of improved
matrix materials, in sdditior to life~testing with standerd and

experimental components.
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Glossary of Terms

Electrodes

ﬁ-

2

2

Matrices

Unsupported noble metal catalyst applied with PITE to
a tantalum screen,

AA-1 9 to 10 mg Pt/cm2 nn 50 mwesh tantalum screen,
E-a 9 to 10 mg Pt/cm® on exparded tantalum screen.
__1 5 mg Pt/cm? on 50 mesh tantalum screen,

Noble metal(s) depcsited on or mechenicelly mixed with a
substrate meterjal and spplied with PITVE to a tentaium
screen,

CO resistant anode, U2,5/42../15 weight ratio Pt/Rh/wW0;
catalyst (mechanically mixed with Cyamamid Gravhite at low
loadings) applied with PIFE to an expsnded tanialum screen:

Losding, mg/cm®
Pt_ K woz Grephite
RA-1 T.5 7.5 2.6 0.0
RA-2 2.5 2.5 0.9 k.1
RA-3 1.5 1.5 0.5 6.5

"A - A highly poruus matriv consisting of wettable

corrosion resistapt {iiler materisls dound by Pl‘!'ﬂ
TA-1 Etched PITE floc filler.
¥X<2 Zirconiwm pyrophosphate filler,

Electrode Backing

-
a4

- a plisble micro-porcus PITE film vhich forms s gos
permesble - liquid impersesble barrier.
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1. SUMMARY

1.1 BEvaluation of General Electric Company Catalysts and Electrodes

Several samples of anode catalysts comprising platinum
codeposited with other noble metals (principally ruthenium) on boron
carbide or a boron carbide-mixed chromium-tungsten oxide substrate were
obtained ‘fﬂrom General‘ Blectric Company. These cetalysts were made into
electrodes snd tested in matrix ceils,;ln 5§ BzS0, (70°C, 19 CO) and

95-97% HaFO, (150°C, 10% CCj. Date were also obtained for several

electrodes prepé;red by Gereral Eiectric Company from one of the above

catalyste.

Electrodes pi‘epared fran‘ tiese catalysts using American
Cyanamid Company's standard fabricatliorn tecnnigues gave results that
vere 'generally domevhet poorer than were cbtajved with equivalent load-
ings of type RA catalys*s. Significant improvements were observed in
some cases when graphite was added to fhe cstalysts, and one sample,
with added grophite and R heat-treatment, gave outstanding results. The
electrodes prepared by Generai Electric Company gave good initial per-
formance. Further work will te doae to modify our electrode fabrication

techniques to accommodate boron carbide-based cataiysts.

1.2 Electro-Catalysis Studies: Sulfur-Covered Platinum Black Electrcdes

The effect of adsorhed surfur on the current-potential
behavior of platinum black electrodes operating on impure hydrogen in
phosphoric acid electrolyte was examined. The stability of the sulfur-
covered platinum surface with ¢ime was also briefly investigated.

Sulfur was deposited on the platinum black surface by
addition of sodium sulfide to & sulluric acid sclution in which the

electrode was immersed. Cyclic voltammetric techniques were used to
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estimate the smount of sulfur on the surface, and $to ctudy the effects

of the adsorbed sulfur on the combined hydrogen-carbon monoxide electrode

~ procese.

Polarization data were obtained in a free electrolyte cell
operating with 95-97% phosphoric acid et 100°C, using impure hydrogen
fuel mixtures contaiping 1-10f CO. With sulfur-covered type AL elec‘rodes
at S and 10 mg Pt/ca®, signiricant dacrezses in polarization as compered
with the eame electrodes without sulfur were obsérved. Bowever, these
improvements do not appear to be As great as can be obtained by other
meens, such as the use of type RA cstrlysts.

Cyclic voltammetric mew3urements indicate that at least
over short periods (up tc 18 hours), the sulfur-covered platinum surface
is stable in phosphoric acid at 100°C 8o long 8s the electrode poten*ial
is maintained below the oxidation potentisl of sulfur (approximately 0.7 V
with respect to a hydrogen reference electrode in the same= eiectrolyte).

1.3 Matrix Developrent and Bvaluation

Work in this area included corrosion testing of various
possible filler materials, and the preparation and evaluation of experi-
mental matrices. The matrices were characterized in terms cf their
dimensional stability, porosity, bubble pressure, and resistivity,

Corrosion teats at 150 and 200°C in 100% phosphcric acid
were run on variovs forms ( fiber and powders) of fused quartz, tantalum
pentoxide, and zirconium pyrophosphate. Of these materials, tantalun
pentoxide powder showed the greatest stability (1% weight loss at 150°C,

11% at 200°C). With commercisl tantalum pentoxide fiber and cloth samples,
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on the other hend. weight loss was significant at 150°C and severe at
200°C. Zirconium pyrophosphate also was significantly attacked at both
temperatires. Fused quertz showed little weight loss at higher temperea-
ture, but microscopic examination showed evidence of severe structural
cdegradaiion.

The dimensicnai stability of matrices prepared with
etched PITE (TA-l), zirconium pyrophcsphate (TA-2) and fusea guartz
filiers vhen exposed to hot prospheiric acid wes invesiigated. These
metrices as menwfuctured are in a water wet condition, and in normal
hardling are esquiisbreted directly ia the phosphcric acid electrolyte.
For patrices handled in this way, dimensional stebiiity in hot rhosphoric
acid was poor (area losses of 16-5T% and thickening of 44-g2% were abserved
after 300 houra® exposure to 100% H,PO, at 150°C and 200°C). It was found, ]
however, that if the matrices are dried prior to eguilibration with phos- : E
phoric acid, dimensional stebility is greatly improved. In the drying

process, gome loss in porosity is imcurred. 3

The effect of heat-tresting the dried matrices was studied.
Heat-treating st 250-300°C {below the sintering temperature of PTFE) had
little effect on dimensional stability, but mey have improved the
rewettability of some of the materials. Heeiing at 340-360°C caused
severe shrinkage with the TA-l m<trix, and drastic loss of mechanical
strength with most of the other materials,
1.4 Life Testing

Major emphasis during this period was placed on determining
the performance levels and stability which may be expected from standsrd

electrode-matrix comtinations orerating at 100 mA/cm® on impure H, fuel
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with phosphoric acid electrolyt~ at 100-150°C. A limited amount of
evaluation work wus also done with axperimental anode and cethode
structures,

Several life tests using the standard TA-1 matrix and
operating on pure hydroger fuel have been run for periods lcnger than
7,000 hours. Oversll decline rate for the T,000-kour period was 1.5-
3 mV/100 hours in two tests at 150°C, and less than 1 m¥,/100 hours in
one test st 100°C. Initisl voltage was 0.69-0.T1 volt for the 150°C
tests, and G.60 volts for the 160’(! tess.

A number of impure hydrogen fuel mixtures have been used .
in the life testing prcgram. Early work was carried cut with binary
mixtures containing up to 10% CO in hydrogen. More recently, a

synthetic refcrmate (3% CO, 27% C0,, 70% H> for tests at 150°C and 1% CO,

29% CO., T0% Ho for tests at 100°C) hae been used. The stability of the
RA-2 anode on impure hydrogen fael at 150°C has veen evaiuated in several
ways. In tests which were alternated periodically between pure hydrogen
and hydrogen containing 10% CO, the voltage loss (from pure to impure
hydrogen) appeared to increase somewhat with time. Also, in tests run
for longer periods on 10% CO im hydrogen and on the synthetic reformate,
the voltage decline rates appeared to be somewhat higher than in corres-
ponding tests with pure hydrogen. On the other hand, reference electrode
measurements made in seversl tests of wp to 1,400 hours' duration indicated
that the anode was relatively stable, while the cathode declined ncarly
linearly with time. Overall, the major stability problem with respect
to operation at temperatures of 150°C or higher appears to lie with tne

cathode.

Y Dl vt

-y




-5 -

Tvo apparently significant factors affecting the per-
formance of RA-2 anodes at 150°C were noted: (1) the use of a secondary
extractable filler in the electrode preparation to modify the pore
structure, and (2) oxygen treatment of the ancd~ during start-up. Based
on limited deta, both of these procedures appearsd to improve performance
stability cn synthetic reformate. Further work is needed to confirm and
to optimize these effects.

Best performance t¢ date with synthetic reformate at 150°C
has been achieved with RA-Z clectrodes kaving the modified pore structure.
In several teats, peak voltegee of 0.70-0.71 V at 100 mA/cm® were ob:ainei,
with voltage decline rates over the first 1,000 hours of avproximately
7 aV/100 hours.

Type BA (platinum on graphite) cathodes at 5-10 mg Pt/cm”
were evaluated in & number of life tests. Performance was quite variable
from test to test, and generally lower then that for AA-2 cathodes, but
there 1s some evidence that this type of cathode may orerate more stably.

Testing at 100°C was generally hampered by poor reproduc-
ibility. Best performance with RA-2 anodes on pure hydrogen was in the
range 0.64-0.66 V at 100 mA/cm2, and on synthetic reformate (1% CO),

approximately 0.60 V.
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2. INTRODUCTION

While the original objectives of the work being c~rried
out under this contract involved direct hydrocarbon conversion in matrix
type fuel cells, recent emphasis has been placed on development of an
effective electrode-matrix combination for utilization of impure hydrogen
fuel obtained by reforming of hydrocarbons. During the period covered
by Report No. 5 (January, 1967 - July, 1967), vork was carried out in
both sulphuric and phosphoric acid electrolyte systems. In view of the
generally poor results obtained with sulfuric acid, however, life testing
during the present period was done only with phosphoric acid electrolyte.
Emphasis was placed on characterizing the performance of standard RA-2
anodes and AA-2 cathodes on synthetic reformer gases containing 1-3%
carbon monoxide and 70% hydrogen (balance carbon dioxide).

Because it was felt that more effective anode catalysts
and cathode structures would be required to reach the stated objective
of 0.75 V at current densities in excess of 100 amperes/ft?, work in the
catalyst area has been incressed. Also, in order to take advantage of
the increased tolerance of anode catalysts toward carbon monoxide and
the increased reactivity of hydrocarbone at temperatures up to 200°C,
the need was felt for a matrix compatible with strong phosphoric acid
electrolyte in this temperature range. Accordingly, the contract effort
was expanded to include matrix development and evaluation. The present
report describes the progress mede in these various areas during the

period July, 1967 to January, 1968.
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3. RESULTS AND DISCUSSION

3.1 Evaluation of General Electric Company Catalysts and Electrcdes

During the latter part of this report periol work was
initiated under this contract to cover several aspects of catalysis
as it pertains to matrix cell testing on carbon nionoxide mixtures in
hydrogen. This section amd the one that follows report two directlons
in which work has progréssed.

A number of promising catalysts for hydrogen/CO mixtures
have been developed by General Electrie Comvany under contract to

MERDC.(lh>

These catalysts were developed for, and had been tested
primarily in, sulfuric acid free-elecirolyte cells, Preliminery evalua-
tion by American Cysmemid Company of several cf these catalysts in the
phosphoric ascid matrix system ie repcited here.

The catalysts ottained from Gaaeral Eieciric Company are
listed in Table 3.1-1. There were two types, cne consisting of various
noble metal mixtures supported (at 10-20% noble metal) on & boron carbide
base, and the other consisting of 16.7% (Pt-Ru 7:3) on a mixed base
(B4C + Cro03°Wox 1in varying proportions). Three electrode sheets pre-
pared by General Electric Company from catalysts of the latter type were

also submitted for our evaluastion.

3.1.1 Apparatus and Techniques

The apparatus and the experimental techniques used for
this work were similar to those used in the life testing program. The
cell design was similar to that described in Progress Report No. 1(18)
except adapted to use a one-inch diameter electrode disc (5 cm® mctive
area). Cell parts were of solid tantalum metal end platinum mesh spacer

screens were used along with FIFE gaskets and giass fiber paper as a

matrix material. Internal cell resistances under open circuit conditions
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Table 3.1-1

Catalysts Received from General Electric Company

Composition

8462-150-1
8728-20-1
£728-20-4
8728-39-3
g728-k2-1
8821-1154(2)

8821-1158(2)

8808-143A
8808-141B
8808-141C

104 (Pt-Ix 4:1)
104 (Pt-Rh 1:1)
104 (Pt-Ru b:1)
20% (Pt-Ru 1:1)
204 (Pt-Rh 1:1)
20% Pt

20% (Pt-Ru 3:2)

16.7% (Pt-Ru T7:3)
16.7% (Pt-Ru T:3)
16.7% (Pt-Ru T:3)

Suppcrt

Crystalli
Ao

te Size(l)

BaC
B4C
B,C
B4C
BaC
BaC

BsC

B4C + Crz0s + WO, 1:1
B4C + Crz03 * WO, 1:2

B4C + Crz0s * W0, 1:3

50
50
20
15
20
6G

25

(1) Measured in Cyanamid Laboratories by X-ray line broadening for the ncble
metals present.

(2) 10 gram samples. All other samples werz approximately 2 grams.
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vere measured with a Keithley Model 503 line-oparated milliohmmeter

before and after the polarization civrve. At eech peint of the polariza-

tion curve, the current density was mainteined for at least two minutes.
Normally, data were obtained in 5 N Ho50, at T0°C and in 95-9T% HaPO, at \ i
150°C.

The catalyst powders received from GF were formed into -
electrodes by our usual laboratory procedure, A mixture of the catalyst,

Baymal alumina filler and FTFE later (du Pont 30B), was spresd on &

i TR 0 5 R S A

2" x 2" tantalum screen, dried and then washed with trichloroethylene,
ethanol, end finelly hot 5 N H5504 to remove the alumina filler. The
percentage of PTIFE used was 144, Using a normal catalyst loading of

10 mg/cm? gave 1-2 mg noble metal/cm2 depending on the percentage of
nohle metal in the cataiyst.

Where graphite wae added, it was usually done &t 50% of
the weight of the catalyst used, and the PTFE was incressed correspond-
ingly to keep the same 1i% in the finai electrode. In several tests,

a heat treatment was applied to the formed electrode by placing it in a
Carver press at contact pressure for five minutes at 280°C. In these
heat treated samples, the PIFR level was lowered to 10%.

Since the catalysts discussed in this section were
Gesigned for use as anodes, all cells were assembled with s counter-
electrode (cathode) which vas a standard AA-1 electrode with 9 mg Pt/em®,
operating on oxygen.

3.1.2 Catalysts Supported on Boron Carbide

The results obtained in H-S0, at TO°C with the boron
carbide-based electrodec are summarized in Table 3.1-2, In genersl,

most of the results on hydrogen wvere low compared to graphite-based

A B, e e 4Lk ey L - e Ko SRR A
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catalysts although the more recent catalyst (8821-115B) did perform
well, especially on graphite addition and heic treatment. On carbon
moncxide (1% CO in Hy) the performence of several samples was very gnod.
In some cases graphite addition materially helped the performance results.
The earlier samples without added graphite had sbnormally high internal
cell resistance (2 to 5 times the normal value of 0.03 to 0.05 ohms for
a5 cm” cell),
Similer data are shown in Tab'e 3.1-3 for tests at 150°C
in HaPO,. Again, most results on hydrogen ware low comparcd with graphite-
based catalysts. Cne electrcde made from cataiyst 8821-115B was excep-
tionally good, however, both on hydrogen and 104 CO in hydrogen. This
electrode contained added graphite, and had been heat-treated for five
minutes at 280°C. A repeat test on {his same electrode confirmed the
results sh’rvn in Table 7,1-3, However, three later attempts to reprodwce
this elect;rode," using the same catalyst betch, resulted in lower performance.
It is interesting to note that for catalyst 8821-115B,
tested in sulfuric acid, neither graphite addition alone nor heat-treaf.mem;
alone improved performance as compared with the "as received" catalyst.
In phosphoric acid, addition of graphite alcne was not helpful, but the
heat-+reatment improved performance with or without graphite sddition.
Obviously, further work is nceded to optimize “he processing variables
for maximum performance. In narticular, the inter-relationships between

catalyst, substrate, PTFE level, and conditinns of heat-treastasnt need Lo

b= studied.
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3.1.3 Cotalysta Supported on Mixed Oxides

Three samples were obtained from Generel Electric Company
of 16.7% platinum-ruthenium on a mixed base of B,C and Cr0,-W0, in
several ratios, The catalysts as received were in the unreduced form
(preferred by GE for best results) so that modifications in the electrode
preparation were necessary to avoid dissolving the metal salts during
the acid washing step. The electrodes prepared from these catalysts did
not give good results in HyS50, or in H,PO,, elthough a heat treatment
did give some improvement. Following discussions with GE personnel,
several electrodes prepared in the Genersl Electric Laboratories were
submitted for our evaluastion.

3.1.k Electrodes from General Electric Company

Three electrode discs were received from General Electric
Company. One of these hed an applied PTFE backing and has not been
tested as yet. The other two electrodes contained 5 mg noble metal/cm2
on & platinum screen with 8% PIFE binder-waterproofing sgent and with
no applied backing. These electrodes were tested in the matrix cell at
T0°C in HpS04, with the results shown in Table 3.1-k. Both GE electrodes
(1176 and 1174) gave rather low performance on hydrogen (40-50 mV below
RA-2 aé 100 mA/cmz), but the drop in going from pure hydrogen to 1% CO
in hydrogen was about the same as for RA-2 electrodes,

The results in HaPO, at 150°C are shown in Table 3.1-5.
Here the GE electrodes performed very well both on hydrogen and on 10%
CO and were comparable to the RA-2 electrode. It is apparent that the
GE catalysts can give very good performance at 150°C in phosphoric acid

matrix cells., It seema desirable to run life tests on electrodes similar
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Table 3.1-h

Performance of Geperal Electric Elestrodes (Anodes)

Catalyst: Noble Metal Supported onr B, /Crz0,-¥0,

Metrix Cell - Glass Fiber

70°C  HS04

AA-]1 Cathode on Oxyvgen in all Cells

: Kuble
: Metsl
5 Fuel Electrode # mg/ cm2 Performauce - Volts at
ko 100 200 koo 650 mi/em?
H AA-1 9.0 Pt .88 .85 .82 .78 Tk
Hs pa-oa(l) 1.0 Pt .88 .8k .80 .15 .70
) Ha 1176(2) 35Pt + L5Ru 82 77 .73 .65 .58
f Hp 1178(2) 3.5Pt + 1.5Ru .83 .78 73 66 .56
K
; Ho ra-2f1) 2.5Pt +2.5Rh 86 .82 .78 .70 .6k
1% CO 1176(2) 3.5Pt + 1.5 Ru .77 .70 .59 - -
? 1% co 1174(2) 3.5 Pt + 1.5 Ru .80 .73 .62 - -
wco  mra-2() 2.5P6 + 2.5Rn Bh .77 .6 - -

(1) comtains graphite

(2) 6. E. electrode
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le 3.1-5

Ferformance of Gereral Electric Electrodes (Anodes)

Catalyst: HNcble Metal Supported on B¢C/Crz0;-WOx
Matrix Cell - Glass Fiber
150°C HaPO,

AAL-1 Cathxde on Oxygen in all Cells

Roble

Meial
Fuel Electrcde # g/ cm2 Performance - Volts at

ko 0 220 koo 600 mA/cm?
;8 AA-1 9.0 Pt .85 .84 .78 59 .e2
J: pa-2a(1) 1.0 Pt .90 .85 .79 .69 .60
o 11762) 3.5Pt +1.5Re .82 .18 .13 .67 .61
Ho 1372} 3.5Pt + 1.5 Ru .87 82 76 .63 .60
Ha ra-2( 1) 2.5Pt +2.58 .86 .81 .16 .68 .62
104 <0 1176(2) 3.5 P + 1.5 Ru .3k .78 .72 .59 -
106 co  7e(2) 35Pt +1.5Ru .87 .81 .13 .60 -
106 co  ra-2{l) 2.5Pt +2.5Rh .87  .B1  .7h .62 -
(1) contains grephite
(2) G. E. electrode
P L e S TR TRV ATRG BT 6 S0 TSI e sl K R e S D AT At RAede T R S ;"\;‘?~-ﬂﬁ St c—ﬁ ’i‘sswg
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to these, and to pul further effort into forming GE catalysts into

electrodes by modification of our electrode processing variables.

5_.2 Electrocacalysis Studies: Sulfur-Covered Platinum Black Electrodes

Binder et _a_.'l..(5 ) have shown that the oxidation of carbon
mcnoxide in sulfur acid ovroceeds much more easily on a sulfur-covered
platinum surface than on pure platinum. In the present studj, this idea
has been extended to phosphoric acid electrolyte at higher temperatures
and to mixtures of carbon mnnoxide in hydrogen, using lower amounts of
platinum metal. The stability of the sulfur-covered platinum surface
was also investigated.

3.2.1 Apparatus and Techniques

The eiectrolysis cell and reference electrode assemblies
used in these studies, tcgether with electricel connections to the
potentiostat, function generator, and X-Y recorder, are shown in Figure
3.2-1. ‘The workiag and the auxiliary electrodes were accommodated in a
conventional H-type Pyrex electrolysis cell. Each compartment had a
sintered glass dise through vhich nitrogen was continuously oubbdbled.
Both compartments were covered by PIFE stoppers having the required
number of hoies for the electrode hclders, reference probe, and other
equipment., Each compartment could also be fitted with a water cordenser,
if desired, to keep the electrolyte concentration constant. The cell
wvas maintained at constant temperature by means of an oil bath.

The auxiliary electrode assembly used an 80-mesh Pt gauze
§r a Pt black (AA-2) electrode. The use of & sintered glass disc as

well as continuous bubbling of nitrogen prevented the gases evolved at

[FORRN)
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ELECTROLYSIS CELL AKD AUXILIARY EQUIPMENT

X 1T
Yy e
X-Y Recorder : +
‘ 3 .
Auxiliary Working
RO~ k
Wenking Co | Al
Potentiostat /
Model 61 TRS
N q
_J
Reference Elec. L 0il  Bath
Low Frequency
Generator
Model 202A
Hewlett Packard
Tl

FIGURE 3.2-1

P40 TS e WA

T e RO e WL A G I




- 18 -~

the cathode from reaching the anode., The auxiliary electrode, if

_desired, could be very easily replaced by an oxygen or air depolarized

cathode as used in & free electrolyte fuel cell.

Anode potentials were measured with respect to a hydrogen
reference electrode, at room temperature, using the same electrolyte as
in the test cell. Connection to the test cell was made through a bridge
axd Luggin capillary, as shown in Figure 3,2-1, The hydrogen reference
electrode was constructed from PTFE-bonded platinum black on platinum
screen, Hydrogen was bubbled over the electrode, which wes isolated
from the main hody of the solution by a Vycor tube &.d porous Vycor bulb.

Test Electrodes

Cyenamid Type AA-1, AA-2, and AA-3 electrodes ( see Clossary)
have been investigated so far in these studies., These electrodes were
made liquid impermeabie by application of a porous polyfluorocarbon
backing material (Cyanamid L-3 backing). The backing was applied to 1-3/8
inch diameter electrode discs by pressing at 150 psi and 150°C for §
minutes, Connection to the fluorocarbon-backed anode (test electrode)
was made by a platinum wire spot-welded to the tantalum screen. In the
anode half-cell, shown in Figure 3.2-2, the area of the electrode exposed
to the electrolyte was 5 c;?. Advantages of this electrode assembly
include ease of changing the electrodes, and of keeping any desired gas
atmosphere at the back of the electrode,

Cyclic Voltammetry and Folarization Curves

A Hevwlett-Packard Model 202A Low Freomency Generator was
used to drive the Wenking Potentiostat, Model 61TRS. The potentiostat
was connected to the respective electrodes as shown in Figure 3.2-1, amd

the data were recorded on a Mose.y Model 135 X-Y recorder,

s e
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ANODE HALF-CELL

THERMOSTATTED
ELECTROLYTE

HI""

Anode connection N
Gas inlet

Glass electrode holder

Threaded PTFE cap 0
Anode face (1-in. diam.)

Capillary (out of proporticn)

Product gas outlet E
Bridge to hydrogen

reference slectrode

FIGURE 3.2-2
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For polarization stulies, a constant potential between
the working and the reference electrodes was appiled by the potentiostat
for 2-3 minutes, and the current obteined at the predetermined potentials
vas recorded,

For all practical purposes, the concentration of phos-
phoric scid in the electrolysis cell at 100°C was 95-97%. It has been
observed that 85% phosphoric increases in concentration to 95-97% when
heated at 100°C for several hours., All potentiais mentioned in this
ctudy are wvith respect 10 the hydrogen electrode. However, vhen the
vork was performed at 100°C, a corrective value® (due to temperature ani
concentration gradients) of 30 mV waa subtracted from the potentials
reported.

3.2.2 Sulfur Depositicn Method

3-6
The different methods used by Binder et _g._;_( ) to cover

the platinum black electroie with sulfur chemisorbate were: exposure
of the electrode to hydrogen sulfide, cathodic reduction of sulfuric
acid or sulfurous acid at high current densities, exposure %o sulfur
vaper or sultur solutior (in CS,), and by use of sodium sulfide.

In this vork sulfur vas deposited chemically by using
sodium sulfide (NapS-9H0) wnich, vhen added to scidic solutions, liber-
ates .hydrogen. ;uiride and dépoa‘it\t.a t;he lultu:' 8t the Aplatin-‘i: surface.
This method was very easy to perform and had good reproducibility. A
mono-layer of sulfur wvas assumed Lo be chemisorbed at the Pt black

surface vhen the hydrogen sdijorption peaks normally observed at the

. .

T .

The corrective «mlut of 30 aV vas obaerved vhen the refarencs hydrogen
electrode vas Al rotm Lerpivacurs snd the electryalysis cell (having
hydrogen strosphere over *he stodipg eiecctrol:) Jug st 100°C.

——— . iy # . -
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rlatinue electrode disappeared during cyclic voltammetric measurements,
This is discussed in more detail in Section 3.2.5.

It was observed experimentally that the addition of 0.k ml
of 0.58 M sodium sulfide to 250 ml of 6 N HpS0, al room temperature in
a closed vessel was sufficient to deposit a monolayer of sulfur on 5 cm?
of AA-1 electrode (9 mg Pt black/cm®). About one-half hour was sufficient
to deposit the sulfur. The amount used is seven to eleven times higher
than that thecretically required to cover the surface pletinum atoms with
a monolayer of sulfur, as calculated from the surface area of platinum
black (30 ma/g) end the packing density of platinum atoms in a smooth
platinun surface,(7> assuming that one sulfur atom per platinum atom is
required. Obviously, not all of the sulfur present es sulfide adds on
to the platinum surface., In one experiment, 0.2 ml of the above sulfide
solution covered 50% of the AA-1 electrode with sulfur. Thus, fractional
coverage of the electrode with sulfur was obtained by v ‘ng the proportion-
ate amount of sodium sulfide. The exact mechanism cf deposition is still
not cleur. It should, however, be mentioned that hydrogen gas was kept
flowing at the back of the porous electirode while depositing sulfur, The
function of hydrogen is assumed to be the removal of the platinum surface
oxideq 30 that sulfur chemisorption car take place on the electrode sur-
face, This Qight ;l;o be accomplished by reducing the surface oxides
electrochemically and then adding the sulfide,

3.2.3 Sulfur Removal Methods

Sulfur depoaited on the platinum black electrodes could

be removed by any of the following methods:

oo s e ) T - : T S R Gt ok R A T e
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1. By oxidizing the electrode electrochemically to
potentials > 0.80 vas discussed in Section 3.25,
Sulfur is completely gone at 1,50 V,

2. By heating with dilute HNO,.

3. By using the AC conductivity bridge (Model 16B2,
Industrial Instruments, Inc,, Cedar Grove, New
Jersey) normally employed for resistance measure-
ment, The AC wave has a peak-tc-peak potential
of 1.50 V, which 18 sufficient to oxiulze sulfur
deposited on the electrode,

3,2.4 Polarization Data

Current~potential behavior obtained with AA-2 and AA-3
electrodes is shown in Figures 3.2-3 to 5 and Table 3.2-i. fne presence
or sbsence of sulfur mede no difference in pérformance on oxidation of
pure hydrogen. However, a definite improvement in performance was
observed for & sulfur-coversd electrode when the hydrogen contained 1-10%
carbon monoxide. Table 3,2-1 shows that for an AA-2 electrode, coverage
with sulfur reduced the polarization on 10% CO from 480 mV st 100 mA/cm?
to 170 mV (relative to pure hydrogen performance). Similarly, for an
AA-3 electrode at 30 mA/cmz, polarization relative to hydrogen was reduced
from 400 mV to 210 mV. While these improvements are substantial, the per-
formance of the sulfur-covered electrodes on impure hydrogen does not
aprear to be as good as can be obtained by other means. For exemple, an
RA-2 electrode (5 mg noble metal/cm?), tested in the same manner, showed
8 polarization relative to hydrogen of approximately 40 mV at 100 mA/cmz,

Figure 3.2-5 shows the polarization curves obtained with
an AA-2 electrode on which sulfur had been deposited and removed several
times and many cyclic voltammograms and polarizstion cuvrves had been
obtained, This electrode was thus in use for several weeks. A decrease

in performance on 10% CO compared to the new electrode was observed.
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Table 3.2a4L

Polarization Dsta at 100°C, 95+97% HFO4

B it TR o Lt o

Potential st which Potentiel at which ‘E

30 mA/cm2 wes Obtained 100 mA/cm? was Obtained

90% Hp 90% Ho 1

Anode Used Pure H- 10% CO Pure Ho 10% CO ]
AA-3 0.0h 0.4k -- -

M-3mono. s anh 0.25 - - :
AL -2 0.03 0.07 0.12 0.60
A2 o3 0.03 0.05 0.12 0.26

(1)

Volts with respect to hydrogen reference electrode.
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This electrode still snowed no loss in performance when pure hydrogen
was used. Covering th: electrode with a monoleyer of sulfur improved
considerably the performance on hydrogen containing 1-10% CO, but to
a lesser extent than with the fresh electrode (Figure 3.2-3).

3.2.5 Cyclic Voltammetxry

An electrochemical technique, cyclic voltammetry, was
utilized to ascertain the coverage of the platinum black surface with
sulfur. At room temperature, cyclic voltammograms (Figure 3.2-6) were
obtained for an AA-1 anode with and without sulfur in 85% HaPO, and
6 N H-S04. The hydrogen adsorption peeks for no sulfur coverage as
seen in curves 1 and 2 decreaseC proporticnately as the electrode was
prugressively covered with sulfur. Curve 3 shows T0% of the platinum
surface covered with sulfur while curve 4 has an apparent morolayer ot
sulfur. At room temperature a platinum bleck surface ccovered completely
with sulfur fails to show hydrogen adsorption peaks (at 0.1 to 0.3 V),
shows a decrease in the double layer capacity region (0.3 to 0.5 V), and
shows no evolution of hydrogen even at 0.0 V., At 100°C, as seen in
Figure 3.2-7 (curves 1 and 2), the amount of hydrogen evolved at 0.07 V
with or without a monolayer of sulfur was sbout the seme.

To obtain well-defined hydrogen adsorption peals, the
distance of the reference prove from the test electrode 1s very critical.
The probe should be placed in the center of the electrode and be almost
touching it. The shift in potenticl between the hydrogen adsorption
peaks at room temperature using the two different electrolytes, Figure
3,2-6 (curves ) and 2), may be due to the greater resistance in 85%

R.PO, as shown below:




R AR

- 28 -

CYCLIC VOLTAMMOGRAMS, AA-1 ANODES AT ROOM TEMPERATURE
4 mv/sec, N7 atmosphere

i2

Current Density,mA/cm?2
[~}

-3

f « 12 ! M 1 L 3

0.1 0.2 0.3 0.4 0.5
Potential, Volits

FIGURE 3.2-6 I. 6N H2S04, without sulfur

2. 85% H3PO,, without sulfur

3. 35% H3PO0, about 70% sulfur coverage
4

. 85% H3P0, Monolayer of sulfur

uter AR L L




Current Density, mA/cm 2

CYCLIC YOLTAMMOGRAMS, AA -2 ANODES AT 100°C
2.5 mv/sec, 95-97% H3PO,

Cathodic

A A

L
0.0 0.1 0.2 03 04
Potential, Volts

FIGURE 3.2-7 I. No sulfur, N; atmosphere
2. Monolayer of sulfur, N atmesphere
3. CO atmosphere with or without sulfur
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Resistance Between:

Anode and Cathode Anode and Reference
6 N Ho80, la 600 n
85% HgPO, 5a 6000 A

A cyclic voltammogram in the potential range of C.7 to
1.5 V cun alsc be utilized Lo determine tie amount of sulfur present at
the electrode surface, Comperison n?¢ curves 2 and 1, Figure 3.2-8,
with and without a monolayer of sulfur respectively, shows that the
increase in the area under the curve from 0.7 to 1.4 V was due to the |
oxidation of sulfur., Binder et _a_._];U ) have shown thai for a monolayer
of sulfur the above increase in area at roow temperature in sulfuric
acid is about four times that requiiced for the hydrogen adsorption
peaks {one electron change). suggesting that the sulfur is oxidized to
sulfur dioxide. This is a "destructive" method of sulfur determination,
since on a second cycle no excess area in the oxidation range of 0.7 to

1.k V 18 observed.

3.2.5.1 Effect of Carbon Monoxide

| ‘The eieétrochemice.l oxidation of carbon monoxide near its
op " ~0.116¥) 1is a highly desirable
reaction. However, a very high activation polarizatio: is usuelly
observed., Carbon monoxide was adsorbed on the electrode surface hw

passing carbon mor :xide st the back of the platinum black electrode for

five minutes. and then purging witn nitrogen for five minutes. Cyclic

-voltmograms showed that the adgorved carbon monoxide vas oxidized at

" 0.91 V at room temperature and 0.60 V st 100°C in phosphoric acid

(curves b4 and 3, Figure 5.2-8, reapectively). With s sulfur-covered
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platinum black electrode similarly treated in phosthoric acid at 100°C,
no adsorbed carbon monoxide peak wos observed, Thus, carbon monoxide
is probably not strongly adsorbed at the Pt-S surfacz. This may be one
of the reasons for the improvement in the performence of the Pt-5 anode
as compared to the platinum surface. Binder( 5) et &l also obtained
g¢imilar results in sulfuric acid.

Using & carbon monoxide atmosphere insteed of a nitrogen
atmosphere at the back of the working electrode, curve 3, Figure 3.2-7,
wes obtained, The results were similar vhether or not the electrodes

were sulfur coasted. The doultle layer capacity was decreesed considerably,

and hydrogen adsorption s well as hydrogen evolution peaks were eliminated.

- 3.2.5.2 Stability in Phosphoric Acid of Sulfur Deposited on Platinum Black

A sulfur-coated electrode haviag rn open circuit pctential

- of about 0.% V was kept overnight (18 hours) at 100°C in 95-97% HaPO,

under nitrogen stmospnere, Next day the open circuit potential was 0.9 V.
A cyclic voltammogram showed well-defined hydrogen adsorption peaks
indicating the complete removal of sulfur under the above conditioms. It
hee been shown previously (Figure 3.2-8) that sulfur is oxidized in the
potential range cf 0.7 to 1.4 V. Thus, aceping the sulfur-coated elec-
trode on open circuit at 100°C caused the removal of sulfur. Ancther
sulfur-coated elecctrode was controlled potentiostatically at 0.30 V,
overnight ( 18 hours) at 100°C in 95-97% HaPO,. Next day a cyclic voltammo-
groa showed no hydrogen adsorytion peaks and so no ioss in sulfur occurred.
It may thus be inferred that as long as the potential of the sulfur-coated
electrode is lesa than the oxidation potentisl of sulfur, i.e,, lesc tran

0.7 ¥V, sulfur will remain on the electrode surface,
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In another euperiment, a sulfur-coated platinum black
electrode was kept on open circuit at 100°C in 95-97% HsPO, for about
five hours under a nitrogen atmosphere. The cyclic voltammogram
(curve 2, Figure 3.2-9) showed a new cathodic pesk at 0.36 V. The ‘;
identity of the compound thus reduced is not yet established, Wit it |
mey be ihe oxidized product of sulfur. Further work is needed to
elucidate this new reduction peak.

3.3 Matrix Development

3.3.1 QObjectives

The prograz objectives reguire a matrix which can operate

stab.y at 150-200°C for more than 1,000 hours, Work was started to
develop a 15-30 mil thick matrix having the following combination of
propeities at 150-200°C: (1) weight and dimensional stability ip all
concentrations of HaPO4, (2) sustained wettability, (3) resistivity <
0.8 ohm-cm?, (4) bubble pressure = 5 pei, (5) sufficient mechanicsl
streugtn, and (6) nc significant electronic conduction. Matrices being
investigated fc> this program are of the {1iled-PTFE type, in which a
small amnunt of PTFE (a8 little as 2-10% by volume) is used as a binder
for a wettable, corrosion-resistant filler materiasl., In the TA-1
matrix, wvhich has been used extensively in life tests run under this
contract, the filler materiasl is etched PTFE fiber. TA-1 matrix is
sstisfactory with respect to criteria (3) through (6) abeve, but hze
appurent érawbacks with respect to dimensional stability, and possibly
also with respect to sustained wettability. The overall chjective of
the matrix development program is to evalvate alternavive filler materials

and process modificetione directed toward overcoming these drawbacks,
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53.3.2 Corrosion Resistance of Matrix Fillers at 150-200°C

PTFE is reported to be completely inert to ull chemicals
except molter alkali metals and tluorine.(s) Corrosion tasts of PTFE
fiber in 100% HaPO, at 200°C showed no significant weight loss after
10 days.(l_b) In the current program, powders or fibers of quartz,
tantalum pentoxide, anil zirconiwa pyrophosphate were also investigated
as promising filler materials in corrosion tests with 100% A0, at 150-
200°C for approximetely 300 hours.

At each temperature, duplicate 2 g sampie: were immersed
in 220 g of the scid within sealed PTFE beakers, This is a more sev.:re
test than the msterial would face in an operating matrix type fuel cell,
in which the filler materiel would be exposed to less than ebout Iive
times its weight of electrolyte, Possible re-precipitation of any acluble
corrosion product through cooling was minimized by centrifuging the
corrosion-tested sample, when necessery, and then decanting most of the
acld at Lemperatures gen:rally only 20-30°C below the {est temperature.
(No pr-cipitation of solids occurred vhen the filtrates were cooled to
room temperature, however,) The -.l1ids wvere then filtered, washed free
of acid, dried, weighed, and exerined microscopically. Tavle 3.3-1 shows
the corrosion resistance of these materlals.
3.3.2.1 Fused Quartz

A commercial fused quartz fiber (fine guart:z wool -
Thermal American Fused (uartz Company) was evaluated. This fiber, > G9%
810p, is very brittle and mashes eusily to a powder, Weight loss in
phosphoric scid at 150-200°C ves negligible. The strurture of the

unmashed fiber degraded somevhat at 150°C, evidanced either dy local
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etching of the fiber wall or by nearly uniform reduction of the fiber
diameter (Figures 3.3-1, A nna B). Compleie degradation occurred at 200°C | 3
(Figure 3.3-1 C). The structure of mashed fiber degraded considerably |
at 150°C and completely at 200°C (Figures 3.3-2, A-C). The refractive
index of the reaction product is below 1.440 and probarly below 1.430,
ccmpared to 1.4558 -~ 1.460 for th:z fiver. Infrared and X-ray diffraction
data indicate that this low index material is a &ilica hydrogel.

3.3.2.2 'Tentalum Pentoxide

Tantglun pentoxide powder {Fisher Scientific Company) had
negligible weight loss &. 150°C and 11% loss at 200°C. Microscopic
exeminetion indicazel ro stoowcturel degredaticon of the wndissolved
materiel &+ either temperature (Figure 3.3-3, A-C).

A tantalum pentoxide fiter (union Carbide) had 13% weight ﬁ
loss at 150°C, with only slight degradation of the uvndissolved fiber, and
considerable weight loss (76%) and structural degradation st 200°C
(Figure 3.3-%, A-C). T

Tantalum pentoxide cloth No. 11 (Unicn Carbide) had ﬂ
greuter weight loss at 150°C (28%). Experimental difficulties pre-

vented welsht loss measurements at 200°C, but visual obs:zrvatioun indi-

drnd

cated these loases to be considerable,

3.3.2.3 Zirconium Pyrophosphate

Zirconium pyrophosphate (Tizon Chemical Company) had sub- .
stantial weight loss (22%) at both 150°C and 200°C. Icsses of this magni-
tude in besker corrosion tests dec net necessarily rule out a material

which may be more steble within an operating cell whare there is no
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excess electrolyte, This is indicated directly by the reasonably stable
2,000~hour performance in one test with the TA-2 matrix at 150°C

(2-2) The decline® rate in this test averaged 4 mV/100 hours

(HCM-.(S).
during 1,000 hours at 60 mA/em, and T mV/100 hours during an additional
1,000 hours at 100 mA/em®. Furthermore, extensive stable performance

(9)

data in alkaline mairix fuel cells have been reported for periods up

to 9,700 hours under conditions which caused 4O% weight loss of the
matrix (asbestos) in beaker corrosion tests.( 10) Nevertheless, the three-
quarters of the zirconium pyrophosphate remaining uncorroded may be a
more promising filler, particularly since the equal weight loss date at
150°C and 200°C suggest that this remaining material may he completely
stable,
3.3.3 Matrices

Filled-PTPE matrices, containing 95% by weight of PTFE
fiver (TA-1), zirconium pyrophosphate {TA-2), or quartz powders or fibers
were studied. The TA-l matrix designated "original" and the TA-2 matrix
were used previously in the program. A "modified TA-1" matrix has the
same camposition as the original but is somewhat thicker,

The commercial quartz powders and fibers (Thernal American
Fused Quartz Company) used in these matrices are made of the same grade
of fused quartz as the fiber which showed negligible weight loss in
rhospnoric acid at 150-200°C. Figure 3.3-5, A-C, shows their configura-
faute T4 Pine pawwler {Hpec %;mail@ ) has particles mostly 1-TO a in
nicimwm dimension with some particles as large as 120 m. The coarser
powder (Vitmcmﬂ.@) partic.es are mostly 40-220 m. The fiber, designated
coarse wool, hag diameters of 3 to about 25 m with the overwhelming

majority in the renge 5-14 m.
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3.3.4 Matrix Property Measurements

Matrix porosity was determined from the total volume and
dry weight of two-inch disc samples, and the specific grarity of the
solids, The average of five thickness measurements was used in deter-
mining the total volume, The percent of the pore volume rilled with
liquid was calcuiated from these measurements togetber with the wet
welght of the sample and the specific gravity of the liquid.

Bubble pressures in water at room temperature were
measured in a Gelman filter on one-inch diameter discs. The samples
usually hal 90-100% of their pore volume filled with liquid. A i-he
from the space on one side of the meirix was immersed in a Meskelr of
wvater just below the surface. Alr preasure on the other side was raieed
continuously at the rate of 3-6 psi/minvte. Preliminary tests indicated
that the pressure rise rate is not critical since no significant change
in the obse:ved bubble precsure resulted when the pressure was raised
incrementally at 1 psi/mimrl:e. The pressure which first producedba
steady ocreem of bubbies in the beaker of water was teken as the bubble
preasure, Reported bubbie pressures are mostly the average of three
measurements,

Shrinkage was measured in 100«; HaPO, at 150-200°C on
disce which were normally two inches in diameter, although occasionally
somevhat smaller pieces were vsed, The samples were immersed under a
one-inchk depth of T0O-150 ml of the 100% acid in PIFE beakers. Area
dimensions and Tive thickness points were measured three or four times

during ' ‘Thavr,
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Resistivity was measured by 1 Keithley milliohmeter
during life tests at 150°C &nd 35-1C9% H-®C4 in 2-inch x 2-inch cells
(26 cn® active area). Values reported are for the minimum resistivity
vhich i3 generally reiched within the first 100 lLours of the test and
which averaged 0.10-0.15 chm-cm® below the init.al resistivity.

3.3.5 Properties of Untreated Matrices

Table 3.3-2 shows propert_:s of matrices received water-
wet as usuel, The TA-1 (ouriginal end modified), Tu-2, and quartz fiber-
PIFE matrices all have setisfectory combinations of resistivity in KiFO,
at 150°C (0.42-0.57 ohm-cm®) and bubble pressure in water (6-13 psi).

A3 expected, resistivity decreases with increasing porosity. Thus,
although they ere thicker, both TA-1 matricee have lower resistivities
than the TA-2 and guartz fiber-PTFE matrices. The matrices containing
quertz powders are ]eés vorouc then thet filled with quartz fiber and
are prcbably more resiztive. The modified TA-1 matrix 6 mils thicker
th&n the original, has substantially better bubble pressure than the
original, et no sacrifice in porosi.y or resis-ici -

Tone ?f the untreated matrices evaluatea for shrinkage
are dimensionally stable in phosphoric acid &t 150-200°C. Thus, they
lost 16-57% of their ares and thickened LL-92% during the 310-hour
exposure. For all of the matrices, nearly all of the sr«a ioss occurred
within the first 72 hours (Figures 3.3-6 and 7). Thickening was either
continuous during 310 hours (TA-1 et 150-200°C and TA-2 at 150°C),
ntarly arreated after 72 hours (TA-2 at 200°C), or partially reversed

after 72 hours (quartz fiber-PITE at 150-200°C).
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DIMENSIONAL CHANGES WITH TIME IN 100% M 3P04 AT 150°C
(Untreatad Matrices)
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DIMENSIONAL CHANGCES WITH TIME IN 100% H,P0, AT 200°C
(Untreated Matrices)
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The TA-l sand TA-2 matrices remsined flexlible after exposure.
However, all of the quartz-filled matrices became brittie and, in some
instances, cracked, The poasibility of minimizing embrittlement by
using quartz pre-digested in hot H4PO4 or by reducing its percentage
in the matrix wiii he investigated.

3.3.6 Properties of Post-ireafed Matrices

When the matrix is constrained within an opersting cell,
the tendency to shrink sets up strains wnhich may lead to eventual
mechenicel falilure, In view of the dimeusional instebility observed
with & variety of filler types, configur;ticns, particle sizes and
initial porosity, it epresrs thet processing modifications may bve
required for filled-PTFE mstrices. During this period the matrices
vere modified by post-treatments, These included pre-shrinkage through
drying and pre-shrinkage followed ecither by hesting somewhat below the -

sintering temperature of solid PTFE or by sintering at 3L0-360°C.

3.3.6.1 Dried Matrices .

For all matrices excgpt the modified TA-Ll, two inch
water-wet discs were dried overnig¥£ to corstant weight st 80-Q0°C,
A 10 in, x 11 in. sheet of the modified TA-l matrix was dried i{n the
same manner, Dimensional chengés cauvsed by drying ere shown in Teble 3.3-3.
The TA-l matrices had moderette area losses (8-16%) and more substantiel
thickness losses (22-3%0%). Area and thickness losses were small or
moderate for all ol the quartz-filled matrices ( 3-1T%) and more sub-

stantial for the TA-2 matrix. The resulting losses in porosity were

4-i0% for TA-1l and quertz-filled matrices and 1€% for TA-2,
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All of the dried matrices were re-wet directly In water
and in 85% H,PO, under 28-29 in. vacuum for 2-4 hours. In sdditic-,
the modisied TA~L was first re-wet in low surface tensicn liquids
including ethanol, concentrated acetic acid, and a 1% water solution
of FC-128, a perfluorinated surfactant (3-M Company). Since the
)(11,12)

surface tensions of all of these liquids (17-28 dynes/cmp are

below that of the critical surface tension of wetting of etched PTFE
(% dynes/cme)(li), they should in principle completely wet the matrix
surfaces, Re~wetting with acetic acid and 1% FC-178 was d-ne under
vacuun for 2-4 hours, the former at 28-29 inches vacuum and the latter
at 24 inches in osder to prevent fosming. Fthanol re-wettving involved
ove “niight immersion at atmospgheric pressure. The low surface tension
liquids were then extracted Ly water during three l5-minute sosaks
followed by overnight immersion.

Table 3.3-3 showa that with nearly all matrices more
than 90% of the pore volume was filled with water or acid. All of the
values above 90% are for samples which were re-wet under vacwm for a
total of four hours if they were less than 0% rilied after the tirst
two hours. The lower values for the TA-2 and the original TA-1l were
obtained early in che program and are for vacuur immersion of 2 to &-1
aours. It 1s possible that they would inaremse with lonzer {mmersion.
Porosity changes crused by re-wetting were only 0-3%%,

Properties of the dried and re-wet matrices wure also

shown in Table %.%-5, Comparison with Table 3.3%-7 shows that the bubble

pressures of the dried and re-wet matrices are mostly 4-H ps{ Jower than

thoae of the untreated ones. The lover bubble pressures might result

from incomplete filling of only & few matrix pores., Desplite this

[3%)
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lowering, the mod fied TA-1 and fine quartz powder-FPTFE matrices have
acceptable bubble pressure in water (> 5 psi) after drying and re-wvetting.

Comparison of Tables 3.2-2 and 3.3-3 for all of the
matrices studied shows that drying and re-wetting nearly eliminates area
loss in HaP0, at 150-200°C during 310 hours. This treatment also nearly
eliminated thickening of the original TA-1 matrix at 150-200°C und of the
TA-2 matrix at 200°C. Thickening of the quartz-PTFE matrices at 200°C
was reduced, though not by mare than one-half. All area changes but not
all thickness changes occurred within the first 72 hours (Figures 3.%-5
and 9).

3.3 6,2 Nried and Heated Matrices

Two-inch water-wet discs were dried at 80-90°C and then
heated at 250-300°C and cooled rapidly. While these temperatures are
below the sintering temperature of solid PTFE (327°C), heating of the
original TA-1 matrix at ebout 300°C for only 5 minutes appeared to
cause partial sintering, as indicated by X-ray diffraction measurements
which showed a decrease in crystallirity. This probably occurred
hecause of the fine subdivision of at least some of the PIFE,

Preliminary work showed that heating times of S minutes
to 16 hours gave essentimlly the same dimensional changes during heating
and during exposur: in hot acid (Figure 3.3-10) with both the original
TA-1 matrix snd the TA-2 matrix. All of the quartz-fiiled matrices were
heated ror cne hour.

Table 3.4-L shows property data tor the dried and heated
mintrices, Heating produced little or no dimensional changes beyond

those cauged by drving. The TA-]l matrix re-wet to only bb% in water
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DIMENSIONAL CHANGES WITH TIME IN 100% H3PO, AT 150°C
(Dried Matrices
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DIMENSIONAL CHANGES WITH TIME IN 100% H,P0, AT 200°C
(Dried Matrices)
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DIMENSIONAL CHANGES WITH TIME IN 100% H;P0, AT 150,200°C
(Dried and heated TA-I, TA-2 Matrices)
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after 2-1/2 hours of vacuun immersior, but additionel i{mmersicn at
atmospheric pressure for 16 hours produced necriy complete weiting.
With the exception of one of the quartz powder matrices in water, all
of the other matrices re-wet 90% or more after 2-4 hours' vacuum
immersion, The limited data indicate that better re-wetting was
obtained with the original TA-1 matrix in acid end with the TA-C
matrix in both water and scid than with corresponding dri2d macrices.
Additional data are required to verify this effect. The dried an:
heated matrices generally have the same or clightly lcwer bubbl-
pressures (1-2 psi lower) than the dried matrices.

Heating did not generslly improve on dryine in providing
? nensional stebility in acid at 150-200°C. Ag=in, most of the dimen-
sional changes occurred within the tirst 72 hours (Figures 3.%-1C and
11).

3.3,6.3 Dried and Sintered Matrices

Samples of dried matrices were free-sintered at 3L:-360°C
and then cooled rapidly. Table %,3-5 shows the resul*ing matrix proper-
ties.

Sintering the TA-l matrix for 5 minutec Lo one hour caused
considerable area loses (52%) and thickening {1774} as wel’ an embritile-
ment . By contrast, ali of ¢ & other Fl11ed-FIFE aavrices, sirtered Tor
obpe hour, were dimensionaily .iable during this treatmont, Among these,

only the quartz powder ac.rices retained mecnanicel strength, hovever.

The others (zirconium mrophosphate, {ine quurtz powder, and quartz

{iber) Yecame toc frazfie to handle,

oy
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Tux sintered quartz powder matrices re-wet well in water
and in acid. Comvered to quarte powder matrices that were dried and
heated, they have lcwer bubble pressure in vater, equally negligible
area loss and somewhat less thickening in hot acid at 150-200°C. Like
all of the quartz-filled matrices, regardiess of post-treatment, they
embrittled in hot acid.

3.3.7 Life Test of Quartz-PTFE Matrix

A life test was run with an untrested quertz fiber-PIFE
matrix on Fo-air at 150°C and 100 mA/cm® (Figure 3.3-12). The maximum
voltege (0.695) was about the same as that ottained with the TA-1 matrix,
During 100 hours the cell resistance rose and the voltage denlined rapidly.
These results are not surprising in light of the dimeusional instebility
nf this form of the matrix snd its embrittlement *n the hot acid (Sectiqn
3.3.5).

3.3.8 Evaluation or Commercial Msterials

3.3.8.1 Silica Cloth

Bubble pressuvres in vater ‘rere measured on four grades of
a commercial silica cloth (Sil-Temp, made by Haveg Corporation) which
are 20-59 mils thick and 59-68% porous. A!l rave negligible bubble
pressure (< 0.2 psi) ard *hus are unsaitable as matrices, The cloth
fiber, however, is of possible interest as a filler.

3,3,8.,2 Tantalum Pentoxide Cloths

Tantalunm pentoxide cloth No. 11 (Union Carbide Company),
described in Section 3.3.2.2, is 2-m!l thick, 85% porous, end has
0.89-1.0 psi bubble pressure in water. Tre ciovh breke «hen assembled
in a cell in the ususl manner. The poor strength of this ma“erial and

its low bubble pressure mske it unsuitable as a matrix,
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LIFE TEST 25%, QUARTZ-PTFE MATRIX
150°C, 95-100%HPO0,, H,/Air
RA-2 Anode, AA-2 Cathode
Current Density: i00 ma/cm?
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Tantalum pentoxide cloth T¢-10G (Union Carbide Company)
nade from the (iber described in Section 3.3.2.2 is 28 mils thick, 33%
porous, and has about 1 psi bubble pressure in water, The cloth was
first life tested on Hp-air at 100°C and 100 mA/cm® (Figure 3.3~13).
Initial resistivity (0.4 ohm-cn®) and voltage (0.58 V) were slightly
better than that of the TA-1 matrix. Stable resistance and voltage
were obtained for 350 hours at a voltage decline rate of 4,2 mV/lOO
hours, Raising the cell temperature to 150°C lowered the resistivity
to 0.3 ohm-cm® and increased the voltage to 0.725 V. Hewever, during
the next 50 hours the voltage declined rapidly, with no resistance rise,
because of & gas cross-leak, The low bwbbie pressure of this cloth
mekes it of doubtful use as a matrix,
3.4 Life Testing

All })ife tests run during this reporting period were
operated at 100 mA/cm® with gas flows set at 1.5 x stoichiometric
hydrogen and 3.0 x stoichiometric air. Standard TA-1 matrices (without
dryinc or other modification) were used in all tests except a few which
were get up specifically to evaluate expeirimental matrix materials, A
summary of all life tests run during this period is shown in Table 3.k-1,
Identification of electrodes and catalysts used is given in Table 3.h.2,

3.4.1 Long Term Hydrogen/Air Tests at 100, 150°C

Three extended duration life tests have been continued
from previous reporting periods, Test 81 (AA-1 electrodes, 150°C) was
terminated after 9,540 hours of operation when cross-leskage was observed.
The condition of the cell components was similar to that noted in tests
running 1,000 hours, but the effects were more pronounced. The anode

spacer and catalyst support screens were severely embrittled, Some
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LIFE TEST 244
TANTALUM PENTOXIDE CLOTH MATRIX (TC-100)
95-100% H4PO,, H,/Air
RA-2 Ancde, AA-2 Cathode
Current Density: 100 ma/em?

0.75 k- -
0.70 F_ \ _
i00°C
0.65;- / |
Temp. raised
to 150°C
0.60}- -
1001~ Note: Cell Active -
Area = 5 cm?
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FIGURE 3.3-13
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blnu:him- of the ‘fA-—l metrix occurred on the ajir side in the area
'iaetwéebébe?leetrqﬂe edge§ and the inner edge of the cell gacket. The

. a'm:le udbered to the matrix surface but could be separated by soaking
in wvater. White globules of amorphous materizl were found in the gas
spaces of both sides of the ceil, on the back of the electrades, in the
spacer screens, and on the cell plates. Efforts to identify this
material have not been successful. Traces of these deposits can be
seen in Figure 3.4-1 as white spots on the gas side of the anode.

For the first 5,000 hours of operation, Test 81 ran with
only a moderate decline (see Tatle 3.k-3 and Figure 3.4-2) but with
decreasing stability thereafter. The voltage decline of Test 110,
running with an RA-2 anode, has been more rapid and is associated with
an earlier increase ir cell resistance. The best voitage level after
7,000 hours? elapsed time wes exbibited in Test 95 (RA-2 enode, AA-1
cathode, 100°C), indicating grester stsbility for tests operating at
this lower temperature, Tests 110 and 95 are continuing.

3.4.2 Tests at 150°C

Hydrogen/sir performance for RA-2 anode/AA-2 cathode
cells was evaluated during the previous reporting period.(z_b) Testing
with a 10% CC/90% hydrogen fuel mixiure, begun in the last period, was
continued during the early portion of this period. Later tests =zt
150°C were cerried out with a synthetic reformate containing }‘l co,
27% COz, and T0% Ho.

3.4,2,1 standard (RA-2) Anodes and (AA-2) Cathodes

3.4,2.1.1 Performance with 10% C0/90% Ho Fuel

The cell response to the change in fuels from H, to Hs

with 10% CO has been evaluated throughout the course of several life

e oo W A < N

M e v v < e A RS o0 A e

P
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AA-1 ELECTRODES AFTER 9540 HOUR LIFE TEST (81)
150°C, 95-100% H3P0,. H,/Air, 100 ma/cm?

Anode, matrix side ' Cathode, matrix side

Anode, Gas Side Cathode, gas side

FIGURE 3.4-|




Life Test
Number

81

95
110

Elapsed Time

(hours !

0-1000
1000-2000
2000-3000
3000-5000
5000~-8000
8000-9000

9000-9540

*

Temp.

150
100

150

- T4 -

Tadble 3.h-3

Iog Term HalAir Tesats

Anode Cathode
AA-1 AA-1
RA-2 AA-1
RA-2 AA-L
Rute of

Voltage Decline
(mV/100 hrs.)

Test
81

k
2
0.7
0.7
25
Te5

Accelerating

Current Density

ma/ cm?
100
100

100

Rate of

Resistance Rise
(milliohms/1,000 hrs.)

Test Test Test
23 0 81
* T 1.6
* k.3 1.6
0.8 0.8 1.6
0.8 3.9 1.6
0.8 1.8 6
- - 9
- - Accelerating

Voltage rising during this period

Test
95

1.0
1.3
1.3

1.3

Test
110

1.0
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tests and is shown in Figure 3.4-3. The connected points indicate data
obtained on the same test. Response to CO appears to be increasing
from about 20 mV initially to about 50-90 mV after 1,000-1,200 hours.
This suggests that anode stability on 10% CO is not as great as on Ho.
However, in Test 110 a response of only 40-50 mV was observed after
4,000 hours of operation.

Extended periods of operation with the 10% CO fuel mixture
for several tests are shown in Figure 3.4.4. The initial point of each
curve is the hydrogen/air performance immediastely prior to switching to
the 10% CO fuel mixture. The voltage stability in these tests appears
to be comparable (12-15 mV 108s/100 hours) to tests on lip during the
first 500 hours. However, during the second 500 hours, the tests on 10%
CO continued to decline at 12-15 mV/100 hours whercaes the decline rate
on pure Hy decreased to about 4-9 mV/100 hours.

3,4.2.1.2 Performance with Synthetic Reformate (3% CO/27% C0./70% Ho)

Previous yolarization work(e-c) at 150°C indicated that
at 100 mA/cm®, RA-2 anodes could be expected to lose approvimately 30 mV
vhen switched from pure hydrogen to synthetic reformate., Early life-
test results were much poorer, however, with initial performance losses
ranging from 47 to 120 mV, and high decline rates. Performance curves
are shown in Figure 3.4-5. Initial points are Ho/air performance
immediately prior to switching to synthetic reformate.

Subsequently it was fourd that the performance of the
RA-2 anodes could apparently be improved by an "oxygen treatment" carried
out during start-up or a "gas reversal treatment" during the course of
the run. Start-up treatment consisted of heating the cell to operating
temperature (150°C) and then passing oxygen over the anode and (1in some

ceses) hydrogen over the cathode for periods of 10-30 minutes., The cell
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was then started in the normal manner with hydrogen at the anode and

air at the cathode until & stable performance level was obtained before
replacing the hydrogen with the synthetic reformate. Initial performance
on the reformate was above 0.680 volt, with decline rates of 1l-14 mv/
100 hours as shown in Figure 3,4-6., The tests are shown from the point
of introduction of the reformate,

At present there is no good explanation for the apparently
boneficiel effects of the oxygen treatment. Possibiy one of the catalyst
components is reised to an oxidation state which i3 more effective towards
CO, or perhaps the treatment may remove some surface contaminant.

A “ges reversal" treatment has also been found to be
beneficial if low initial performance on synthetic reformate is observed.
Figure 3.4-7 shows portions of 111 tests in which cells responded
favorably to this type of treatment. With the exception of Test 227,
these anodes had not been given an "oxygen treetment" during start-up.

T'i the gas reversal treatment the cells were placed oun open circuit,
then oxygen was passed over the anode and Lydrogen over the cathode for
approximately ten minutes before returning the cell to operation on the
reformate, Performance level and in some cases stability appear to have
been improved by this treatment.

3.4.2,2 Anode Varisbles

3.4.2,2.1 Modified RA-2 Anodes

In the manufacture of American Cyanamid Company fuel cell
electrodes, an extractable filler is normally incorpocated in order to
improve porosity. Modified RA-2 anodes [designated RA-2 (M)] have been

made by replacing a portion of this extra:table filier with a secondary
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filler having a larger particle size and an elongated shape. Performance
of the RA-2 (M) anodes is shown in Figure 3.4-8, Initial performance on
synthetic reformate was less than 20 mV below H, performance; and when
Test 239 was returned to pure H, after 820 hours of operation, the levels
still differed by only 18 mV., The performance on reformete demonstrated
by these cells was of the order of the best previous Hp/air values as
illustreted by Test 110 in Figure 3.4-11. ¥urther work in this area is
necessary, however, since subsequent tests with electrodes from the same
sheets have not performed as well.

An electrode with 5 mg/cm® RA catalyst but without graphite
was run in Test 241, shown in Figure 3.4-9. Performance loss on switching
to the synchetic reformate was high (60 mV), but there was little
additional loss during the next 300 hours. The voltage decline rate
thereafter appeared to be similer to that observed with RA-2 (M) anodes,

In Test 253 an RA-3 (M) electrode (3 mg noble metal/cm®)
with the modified pore structure gave a 50 mV polarization when placed
on the ternary fuel mixture and showed poor stability (60 mV loss in
200 hours).

3,4.2.2,2 Type AA Anodes

The response of platinum anodes =t the 5 and 10 mg/cm®
level to synthetic reformate was determined in Tests 213 and 219,
Figure 3.4-9. The AA-3 anode dropped 35 mV and the AA-2 20 mV when
switched from hydrogen to tne reformate. Performance leveli ana decline

rates were similar to the best results obtained with RA-2 or .-2 ()

electrodes,
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3.4.2.2.% Type BA Anodes

Several aiodes prepared from Pt, Pt-Rh, and Pt-Ru
catalysts, deposited on Cyanamid graphite at 5 mg noble metai/cma,
were evaluated on 10% CO as shown in Figure 3.4-10. ALl electrodes
gave performance on pure hydrogen equal to a standard RA-2. The Pt-Ru
and Pt-Rh anodes lost more than 200 mV on switching to 10% CO, however.
The platinum anodes gave better performance on 10% CO, but voltage levels
(0.55-0.62 V) were lower than have been obtained with RA-2 electrodes
(Figure 3.k-4),

A platimm-on-graphite anode from the same electrode sheet
used in Test 130 was also evaluated on synthetic reformate in Test 236
(Figure 3.4-9)., 1Initial performance on H, was somewhat low in this test
(a type BA cathode was used), and the loss in voltage on switching to
reformate was greater (65 mV) than for the AA-3 electrode, which also
contains 5 mg Pt/cm? but without graphite. The cell has operated stably
on the reformate at 0.62-0.63 ¥ for 670 hours, however, and the test is
continuing.

3.,4.2,3 Cathode Variables

3.4.2.3.1 Type AA Cathodes

Test 124, begun in the last report pericd, was set up with
all noble metal screens and platinum foll iining the faceplate on the
cathode side., The performance of this cell was not significantly
different fram cells in which the electrode support screen, backup screens,
and cell plate were of tantalum (Figure 3,4-11), A repeat of this test,

155, confirmed the previous results,
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In Test 154, the cathode support screen was extracted
with hydrofluoric acid, ard the catalyst film pressed directly against
the backup screens, This electrode structure did not perform as well
as the normal screen type electrodes, and cell resistance was higher.

Cathode structure has also been varied by the esddition
of a secondary extractable filler as was done with the RA-2 (M) anodes,
The effectiveness of this procedure is not yet clear, Cathodes of
this type have given good performance in some tests and again, when
paired with the same anode sheet, have performed poorly.
3.,4.2,5.2 Type BA Cathodes

BA cathodes have beeén prepered both with Pt deposited on
Cyanamid graphite and with physicel mixtures of the two components at
2.5, 5, and 10 mg Pt/cm® loading levels. Of the higher loading group
the best voltage level was obtained from a cathode in which graphite
was physically mixed with platinum black (Test 1k, Figure 3.4-12).
Test 168 suggests that good stability may be achieved with platinum-on-
graphite cathodes, although the voltage level was somewhat low (0.64 V
maximum). In Test 236, Figure 3.4-9, a cathode from the same electrode
sheet was used in conjunction with a type BA anode., A better level of
performance was observed (0.68 Vv with hydrogen at the anode) and
excellent stability (no voltage decline in 670 hours with synthetic
reformate at the anode).

Tests with type BA cathodes containing 5 mg Pt/cm® are
shown in Figure 3.L-13, Cne test with an AA-3 electrode is also shown
for comparison. Test results with these cathodes were quite variable.

The highest voltage (0.645 V) was obtained with an electrode in which
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the platinum was present as a physical mixture of platinum black with
platinum depooited on graphite. Agein, electrodes with 50% platinum
deposited on graphite { same catalyst sample as used in Tests 168 and 236,
Figure 3.4-12) have given good stability (< 3 mV decline/100 hours) but
at & low level of performance (0.55-0.58 V) in Tests 134 and 15€.

Three tests were run with cathodes having a layered
structure, with 5 mg/~m° of platinum black applied on the ma!rix side
of the screen, and Cysnamid graphite on the gas side (Tests 152, 170,
and 182, Table 3.4-1), PIFE levels were varied, but with the graphite
layer always more highly waterproofed than the platirum layer. Results
with this type of electrode were generally poor, the highest voltage

level achieved being 0.57 V in Test 170.

3.4,2,4 Reference Electrode Measurements

A number of 1life test celis were set up with reference
electrodes in an effort to follow individual electrode trends. The
experimental set-up for the reference electrode has been previovely

described.(z—d)

The measurements made include the IR drop through the
cell, and thus are affected by changes in cell resistance., For tests
in which cell resistance changes with time are small, however, the
reference electrode data are felt to provide a meaningful measure of
individual electrode performance. Figure 3.4-14 shows reference elec-
trode data obtained during several tests operating for extended periods
of time on synthetic reformate, The data indicate that the RA-2 anodes
are reasonably stable under these conditions and that loss in cathode

pverformance is primarily responsible for the voltage decline observed

in these life tests,
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3.k.3 Tests av 100°C

Most of the life testing effort during this pericd was
devoted to vork at 150°C. However, some work has been done at 100°C
with Hy, with 1%, 3%, and 10% CO/H, binary mixtures and with a 1% C0/29%
C05/T0% Ho synthetic reformate. |

3,4,3.1 Standerd (RA-2) Anodes and (AA-2) Cathodes

The budk of the 100°C testing has been with standard RA-?
and AA-2 electrodcs, Poor reproducibility and low initial cell voltage
have hampered testing in this area. Those tests which have come up to
¥,/air peak voltages of 0.640-0.660 volt have exhibited excellent
stabliity es shown in Figure 3.4-15 znd also by Test 95 in Figure 3.4-2,
Efforts to decrease performsnce variability are discussed in Section 3.4.L,

The response of RA-2 anodes %o various binary CO/H2 mixtures
was obtained at intervals during the course of several life tests, The
data were obtained by operating the cell with Hg/air and then switching
to the impure H» feed and continuing operation for periods up tc several
nunared hours before returning to pure hydrogen. The chunges in performance
ievel were recorded for the introductlion of both the impure and the pure
H» fuel, and are tabulated in Table 3.4-4, Although the data show con-
siderable varisbility between the different tests, there appears to be
a general trend toward increasing response to the impure fuel with time.

Relatively stable performance on synthetic reformate
(1% c0/29% CO-/T0% Ho) has been obtained in only two 100°C life tests.

198 and 214 in Figure 3.4-16, As in the previous impure hydrogen graphs,
the initial point shown is the H./air performance prior to impure

hydrogen orerat.on. Test 198 was not stuvle in its initial trial on the

—
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Table 3.h-h

Regponse of RA-2 Anodes to Various CO/Hp Mixtures at 100°C

Life Test ¥lapsed Time

Number (Hours ) Change in Performance Level( b (mV)
1% co 3% co 10% CO
108 122 32 - -
108 258 59 - -
108 308 - 119 -
18 594 - 159 -
108 1128 68 - -
108 1508 129 - -
129 880 - 21 -
129 1504 - 43 -
129 1840 - - 76
129 2008 - - ‘ 98
129 2490 30 - -
129 2676 31 - -
159 350 - - €9
159 500 - - 123
160 640 - - 103
160 668 - - 198
1£0 712 - 9% -
160 880 - 125 -
160 952 55 - -

(1) Difference between voltage on pure hydrogen and that on indicated gas mixture.
Current density: 100 mA/ce?,
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reformate but improved after a period of hydrogen operation. In Tests
202 and 242, Ho/air performance did not reach the 0.64-0.65 volt level
usually expected at this temperature.

3,b.3,2 Electrode Variables

Only one test of an RA-2 (M) modified-structure anode has
been made at 100°C (Test 242). Performance on H, was not good (0.58 V
maximum), but the difference in level between pure and impure hydrogen
vas less than 20 mV. The pretreatment of anodes with oxygen has not been
successful in 100°C testing either by treating at 100°C, or heating to
150°C, treating the anode, and then cooling to opersting temperature,
In both instances (Testz 223 and 232) the voltage loss on switching to
syathetic reformate was 150 mV or more. These cells also contained AA-2
(M) cathodes in which the secondary extractable filler was used. Hydrogen-
air performance followed the usual pattern of 4 slow rise to peak value.

An AA-3 anode (5 mg Pt/cm®) geve pesk Hs/air performance
of only 0.610 volt in Test 226, and was unstable (would not maintain
100 mA/cm®) on the synthetic reformate.

3.4.4 Initial Cell Performsnce Variability

‘Initial cell veltages of life tests have generally been
below the peak performance values, The length of time for a cell to
reach its peak voltage has varied from O to 180 hours at 150°C and has
been as long as 40O houre at 100°C. In sn effort to shorten or eliminate
this atart-up period, various pretreatments of electrodes, matrices, and
complete cells were studied (see comments in Table 3.4_1), Electrodes

and matrices were preconditioned in acid prior to assembly in cells,

r—y
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Complete cell assemblies were sealed and held at operating temperature

for various periods prior to start-up. Also, hydrophilic materials were

"dusted" over the metrix face of the electrodes. None of these procedures
had a significant effect in improving cell start-ups.

3,4,5 Crystallite Size Measurements

Crystallite size data have been obtained from several
fi tests using type AA 10 mg Pt/cm? electrodes as both anode and cathode
l (Table 3.4-5)., Cathode data ere similar to that previously reported,(e_e)
with a rapid early growth and then a slower continued increase. Limited
anode data indicate a much slower growth rate, with only a 40 X increase
over a 9,000-hour period at 150°C and 100 mA/cm?,

RA-? anodes showed virtually no increase in crystallite

size in tests of up to 1,200 hours at 150°C and 100 mA/cm®, (Test 152

b

,11
{
o

operated with a poor cathode and the high anode crystallite size shown
is probably related to the low overall voltage.)

Data have been obtained on only a few type BA (platinum
deposited on graphite) cathodes at this time, but it appears that they

undergo an early rapid crystallite growth similar to unsupported platinum

black,

e e Sy SRR
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T.ble !ol"- E

Crystallite Size Measurements

150°C Teste, 100 mA/cm?

Life Test Duration
Number (Hours) Crystallite Size (X)

Anode Cathode

AA-1 and 2 Electrodes

116 90 122 190
1 80 320 140 155
é 85 856 125 215
; 165 1006 - 155
: 16b 1300 - 160
: 81 9500 147 240
New AA-]l and 2
‘ Electrodes 0 - 105-115
' : RA-2 Anodes
§
! 152 18 157 -
: 14T 184 37 -
: 188 620 L7 -
165 1006 45 -
8k 1197 b7 -
New RA-2
Electrodes 0 Lo -
BA Cathodes
134 112 - 115
17h 308 - 115
156 470 - 120
Catalyst( 1) 0 - 65
180 188 - 155
Catal;/st(z) 0 - Lo

(1) Used in life test 184, 1Tk, 156.

(2) Used in life test 180,
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L. FUPURE WORK

L,1 Catalyst and Electrode Evaluation

A. Anode Catalysts

Evaluation of Pt-Rh and Pt-Ru catalysts on graphite,
boron carbide, mixed chromium-tungsten oxides, and tungsten or titanium
disilicide bases will be continued with the objective of determining
the most prectical and effective snode composition for the impure i,/
prosphoric ascid system. In particular, more effective catelysts for
operation a{ 100°C will be sought since cathode stability appears to be
much greater at 100°C than at higher temperetu-es. Corrosion tests on
the mixed oxide and disilicide bases will be carried out in order to
obtain preliminary information with respect to the utility of these
materials in the hot phosphoric acid systenm,

B. Cathode Catalysts

Platinum deposited on various substrates by thermal
reduction of platinum diammine dinitrite and by chemical methods will
be evalusted alone and in admixture with platinum black. Preliminary
evaluation will be on pure oxygen; the best materials will then be
eviluated in electrode structures optimized for eir operation.

C. Cathode Structure

Various means of modifying electrode pore structure to
obtain better performance on air will be investigated. This work will
include the “leached nickel foam" approach descrited by General Electric
Company(lh) as well as the use of other extractable filler materials
having a favorable geometry. ‘The effect of PTFE level and heat treat-
ment of the electrodes (and the interactions between thes variables)

will be investigated.
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k.2 Electro-Catalysis Studies

The work on sulfur coverage of platinum black electrodes
will be extended to include other noble metal systems such as platinum-
rhodiym and platinum-ruthenium, Cyclic voltammetric techniques will be
used in conjunction with polarization studies to investigate the
functioning of these catalysts on CO-containing hydrogen fuel mixtures.

4,3 Matrix Development and Evalustion

Work with etched PIFE, tantalum pentoxide, silica fibvers,
and pre-digested zirconium pyrophosphate as matrix fillers will continue.
A study will be made of changes in the matrix manufacturing process which
together with the post-treatments described in this report may be expected
to leed to matrices having improved dimensional stability without loss
in porusisy. In gzneral, the objective in this phase of the program will
be to develop & thinner, more porous matrix in order to reduce resistive
losses in operating cells. Maintaining adequaete bubble pressure in
thinner matrices may be & problem. In this connection, the effect of
highex PITE leveis on bubble pressure will be investigated.

L.t Life Testing

During the next period, emphasis in the life-testing
program will be placed on the evaluation of improved anode and cathode
catalysts and electrode structures, as well as new matrix compositions.
Initially, tests will be run to evaluate the long-term stability of
various Pt-Ru catalysts received from General Electric Compuny. A
systematic study will also be made to confirm the apparentlv beneficial
effects of oxygen treatment and pore structure modification on the

performance of RA-2 anodes noted in this report.
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1. ORIGINATING ACTIVITY: Srter the name end sddiess
of the <onmtractor, subcontracicr. grantee, Departaent of De-
fense activity or other organizatic fcorporare suthor; issuing
the report.

2e. REPORT SECUNTY CLASSIFICATION: Enter the aver
all security c.assificat’sr of the repcrt. Indicate whether
"Restricied Data’ is inziuded Ma-king is to be in accord-
snc. with appropriste security regulations.

2%. GROUP: Autometic dewngrading is specified in DoD Di-
rectzre S200.10 and Armed Forces Industrial Mansal., Enter
the gromp tumber. Alsa, when ap:l:cable, shox that octional
x::rdkim(shmbuausd!u:&‘xp3-ul&occlulmbu~
| >4 -

3. EEPORT TiILE: Exiyx the cospliete mepomt title =z all
cupital letters. Titles in ail cases sboc!d be oncisssifiea
H a meaningfu! title ~apnot be selected witheut clasxifice
tion, show title classification in all capiials in parenthesis
immedistely folicwing the Ltle.

4. DESCTRIFTIVE NOTES I appropriste, enter the type of
report, e.g.. interim, progress, summary. snrual, or {inal.
Give the irclusive dates when a specific reporting period is
covered.

S. AUTHOR{Sk Enter the name({s} of autho«(s) as shown on
or in the report. Enter iast name, {irst name, middle initial.
If military, show rank and branch of service. The name of
the prin:ipsa! author is a7 absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year; ur month, year. If more than one date appeers
a1 the repart, use dete of publication,

7a. TOTAL NUMBER OF PAGES: The total page count
ahouid {ollow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, 8, & 8¢. PROJECT NUMBER: Enter the appropriate
military department identification, such as proizct number,
~oroject number, system numbers, task number, etc,

9a. ORIGINATOR'S REPORT NUMBER(S):: Enter the offi-
cial repost number by which the document will be identified
and controlled by the originating activity. This number must
be unigue to this report.

9h. OTHFR REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originatus
or by the sponsor), also enter this number(s).
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10. AVAILABILITY 'LIMITATION NCTICES: Enter any lim-
itations on further dissemination of the report. cthet than those
imposed by security clasxalfication, using standard statements
such as:
{1) *‘Qualified requesters may obtain copies of this
report frem DDC.*'
(2) "Foreign anncuncement and dissemination of this
repo:t b7 GDC is not authorized.*”
{3) *“"U S. Government agencies may octair coples of
this regort d=zctls from PDC. Other qualified DIC ‘
users shatl s=guest through

™~
A

¢5J. S. cilitery ageacies may obtain copies of this
report direcily froe DDC.  Other quelified users
shall request through

(Z) “*All distribation of this ceport is controlled Qusi-
ified DDC vusers shall request through

If the report has beer furnished to the Oflice of Technical
Services, Department of Commerce, for sale to the public, indi-
cete tais fect and enter the price, if known

1. SUPPLENMENTARY NOTES: Use for additional explana-
tory notes

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or 1sboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a briefl and factua!
summary of the document indicative of the report. even though 4
it may also appear eisewhere in the body of the technical re-
port. if additionsl spsce is required, a continuation sheet
shall be attached.

It is highly desirable that the abstiact of classiiied re-
ports be unclassified. Each paragraph of the abstract shall
end with an indication of the military securitv classificatiza
of the information in the paragraph, represented as (TS), (S).
(C), or (U).

There is no limitation on the tength of the abstract. How-
ever, the sugges!ed length is fram 150 to 225 words.

14. KFY WORDS: Kev werds are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected sn that no security classification is required. Iden-
fiers. such as »guipment model designation, trade name, mili-
tary project code name, geographic locatior, may be used as
key words hut will be followea by an indication of technical
context. The ussignment of links. rules, and weights is

optional.
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